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Background 


SLS Crew Access Arm 

• Operational interface with Orion 

• Commodity Panel and Contingency Access 

• Provides ingress and egress for astronauts 

• Arm weight: ~ 90 kip 

• Elevation: 280' from Mobile Launcher deck 
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Problem: Keep CAA extended or retract for 
crawler transport? 


Keep Extended 

• No additional operation 

• High vibration concerns 


Retract outside VAB 

• Additional op to stop crawler, 
power up and retract arm 

• More expensive 

• Low vibration concerns 


Why can't we leave the arm extended while transporting the vehicle to the pad? 
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Crawler Movement Info: 

- Top Speed 

- 1.6 mph 

- Time to Pad 

- ~5 hrs 

- Capacity 

- 18,000,000 lbs 
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Preliminary Analysis Overview 


• 80% mass participation, 100 Modes 

• Assumed 4% viscous damping extended, 2% retracted 

• No dynamic wind spectrum for transport wind 

• Data from MSFC assumed to be mean data (one-sided PSDs) 

• Bracer cable preloaded with enforced displacement (0.442” 
produces 46.6 kips pretension in cable) 
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Finite Element Model 


Physical Property Table 


3 



Name [ PBUSH4| ~ 

Label 1 194 

Properties 

Nominal Values (PBUSH) | Dependent Properties (PBUSHT)| 



[ — OK ■[ [ Cancel 
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Boundary Condition Scheme (Extended) 



II l|JUL 

Location 


Extend Locks 


Bracer cable 
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Arm vs. Tower Modes 


• Arm first 5 modes: • Tower first 3 modes: 


• Mode 1 

• Mode 2 

• Mode 3 

• Mode 4 

• Mode 5 


2.76 Hz 
5.39 Hz 
6.31 Hz 
13.77 Hz 
14.60 Hz 



Mode 1 
Mode 2 
Mode 3 


Potential modal 
coupling 


-0.38 Hz 
-0.40 Hz 
-2.64 Hz 
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Mode 1 (2.76 Hz) Animation 


K0000058859_sim1 : RespSiml Result 
Subcase - Dynamics, Mode 1, 2.760e+000 Hz 
Displacement - Nodal, Magnitude 
Min : 0.000, Max : 0.220, Units = in 
Deformation : Displacement - Nodal Magnitude 
Animation Frame 1 of 8 



0.073 
0.055 
0.037 
0.018 
j ).000 

Units = in 
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Mode 2 (5.39 Hz) Animation 



K0000058859_sim1 : RespSiml Result 
Subcase - Dynamics, Mode 3, 6.315e+000 Hz 
Displacement - Nodal, Magnitude 
Min : 0.000, Max : 0.249, Units = in 
Deformation : Displacement - Nodal 
Animation Frame 1 of 8 


1 0.249 
0.228 
0.207 


0.187 


0.166 


0.145 


\- 0.124 


0.104 


0.083 


0.062 


1 0.041 
0.021 
0.000 


Units = in* 
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Mode 3 (6.31 Hz) Animation 



K0000058859_sim 1 : RespSiml Result 
Subcase - Dynamics, Mode 2. 5.397e+000 Hz 
Displacement - Nodal, Magnitude 
Min : 0.000, Max : 0.219. Units = in 
Deformation : Displacement - Nodal 
Animation Frame 1 of 8 


1 0.219 
0.201 
0.182 


0.091 


0.073 


| 0.055 
I 0.036 

I 0.018 

® j ).000 

4 1 » Z 

Units = in 
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Load Input & Displacement Results 

Extended Condition 
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(ZH/(Z- {Z« ^ss/u i ) ) ) 


SLS X-Coordinate (Vertical) 


Peak Disp. = 1.62" 

3 a Peak Disp. = 4.88" 
80% Mass Participation 
100 Modes 
4% Viscous Damping 



Tower- Induced Acceleration PSD at CAA Node - X_Coordinote SLS 



Frequency (Hz) 


FdQt 


CAA Displacement Response PSD at White Room Nodes - X_Coord SLS 



Frequency (Hz) 
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Acce lerot i on*2 ( ( ( i n/sec A 2) "2)/Hz ) 


SLS Y-Coordinate (Lateral) 





Y 


Tower-Induced Acceleration PSD at CAA Node - Y-Coordinate SLS 



Peak Disp. = 6.4" 

r= : -= 


3a Peak Disp. = 19.2" 

■ 


80% Mass Participation 

_ s 


100 Modes 

M S 


4% Viscous Damping 



Frequency (Hz) 


x 

X 


o 
a ' 



Frequency (Hz) 







SLS Z-Coordinate (Axial) 


Peak Disp. = 2.24" 

3a Peak Disp. = 4.5" 
80% Mass Participation 
100 Modes 
4% Viscous Damping 



Towe f - l nduced Acceleration PSD at CAA Node - Z-Coordinate SLS 


CAA Displacement Response PSD at White Room Nodes - Z-Coord SLS 




Frequency (Hz) 




Cable Preload Evaluation 



K0000058B59..sim1 ; RespSIml Result 
Subcase - Slfilic Offset, Iteration 1 
Reaction Force - Nodal, Magnitude 
Min O.0OE+OM, Max : 4.66E+GD4. Units = Ibf 
Deformation ; Displacement - Nodal Magnitude 


I 4.6GE+004 
4.27E+QQ4 
3 , 895+004 


j 1 .175+004 

I 7.77E+0Q3 
3.89E+0Q3 
(j.GQE +000 


| 3.50 E +004 
I 3.11E+Q04 
fir 2 . 72 E +004 
I 2 . 33 E +004 
1 .94 E +004 
i 1.55E+QQ4 


Node 44891 
3.02245+004 Ibf 


Static Preload 


Nodes 

4 6G27E+0D4 Ibj 


CAA Coble Reaction Force Response PSD at Hinge Node - Y_Coord Local Coble 
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/x 


X 

X 


X - 1 , OOOE-OO t 

|y ■> 7 &&3EXQQ9 


04 
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X - 3.403E-001 

Y » 7.f>5fiE + Q09 


32 _t 5 Y^)J 
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370E+GQG 
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6. 

B73E+007 


X - 5 , 307E+000 
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Frequency (Hz) 


Units = ibf 
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Extend Lock Reactions 



Element 128837. Node 147546 
43.911 hipAn*2(tei) 


Element 129095, Node 147546 
20.364 kiprtn A 2(ksi) 


Element 128845 Node 158719 
42,441 kip/in A 2(K&i) 


p4 

Units = kip/in A 2(k$i) 


Element 129281. Node 158719 
25.531 kip/|n A 2(ksi) 


Extend Lock Reoction Force Response PSD 


x 

\ 


ioc«aofl 



+ ,QJ 

Frequency (Hz) 


f=ogn 


Joint RMS Stress Values 




Static Stress 



K0000058859_sim1 : Enforced Result 
Subcase - Static Loads 1 , Static Step 1 
Stress - Element-Nodal, Unaveraged, Von-Mises 
Beam Section : Maximum, Shell Section : Top 
Min : 0.00, Max : 250.04, Units = kip/in A 2(ksi) 

K m Coord sys : Local 

)rmation : Displacement - Nodal Magnitude 
20.67 

19.29 

17.91 

16.53 

15.16 

13.78 

12.40 

11.02 

9.64 

8.27 

6.89 

5.51 

4.13 

2.76 

1.38 


Element 176705, Node 195921 
28,656 kip/in A 2(ksi) 


^ 0^)0 

Units = kip/in A 2(ksi) 


Element 177489, Node 196468 
42.822 kip/in A 2(ksi) 


Element 176737, Node 195945 
34.673 kip/in A 2(ksi) 
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Enforced 6.4" displacement at 


arm end 

Stress levels near material yield 
Extend lock mechanism 
compromised 
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Statistical Estimate of Energy Dissipation 


• Frequency outside bandwidth 
will dissipate majority of energy 
and prevent modal coupling. 

• Extended truss must be 60% 
stiffer in lateral direction to 
achieve. 



1 1.25 1.5 1.75 2 2.25 2.5 2.75 3 3.25 3.5 3.75 

Frequency [Hz] 
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Boundary Condition Scheme (Retracted) 


• Removed cable CBUSH 

• Added latchback constraint 

• Load input at both locations 



Hinge Input Location 


Latchback Input Location 
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Arm vs. Tower Modes 


• Arm first 4 modes: 

• Mode 1: 7.41 Hz 

• Mode 2: 11.54 Hz 

• Mode 3: 12.25 Hz 

• Mode 4: 17.91 Hz 


• Tower first 3 modes: 

• Mode 1: -0.38 Hz 

• Mode 2: -0.40 Hz 

• Mode 3: -2.64 Hz 
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Load Input & Displacement Results 

Retracted Condition 



Photo courtesy NASA Ames Research Center 
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SLS X-Coordinate (Vertical) 



Towe r - I nduced Acceleration PSD at CAA Node 


X_Coor d i no te 


SLS 


X_D i sp I ocemen t 


Response PSD at White Room Nodes 


Arm Retracted 



Frequency (Hz) 


FdQt 



Frequency (Hz) 
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Ac c e I era t i on A 2 {(( i n/sec"2)"2)/Hz ) 


SLS Y-Coordinate (Lateral) 


Towe r - ! nduced Acceleration PSD at CAA Mode - Y_Coo r d < na t e SLS 



Frequency (Hz) 



• Lateral displacement limited 
by shock absorber 
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SLS Z-Coordinate (Axial) 



Towe r - i ndueed Aceeterotion PSD at CAA Node - Z-Coordinate SLS 




0.10 1.00 20.00 

Frequency (Hz) , , 





Joint RMS Stress 


Mapped Result 1 on k0000058859 sim1-respsim1.op2 


Von-Mises Stress - Elemental. Scalar 
Min : 0.000. Max : 1.545. Units = kip/in A 2(ksi) 



Units = kip/in A 2(ksi) 



Units = kip/m A 2(ksl) 


1.5 ksi peak RMS 
at latchback joint 
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Static Stress 


K0000058859_sim1 : EnforcecL Retracted Result 
Subcase - Static Loads 1 . Static Step 1 
Stress - Element-Nodal, Unaveraged, Von-Mises 
Beam Section : Maximum, Shell Section : Maximum 
Min : 0.00, Max : 209.35, Units = kip/in A 2(ksi) 

Beam Coord sys : Local 

Deformation : Displacement - Nodal Magnitude 


■ 50.00 

I 46.67 

I 43.33 
I 40.00 
I 36.67 
I 33.33 
I 30.00 
I 26.67 
I 23.33 

I 20.00 

16.67 


J 13.33 

I 10.00 




176960. Node 204996 
042 kip/in A 2(ksi) 


Element 206807, Node 196357 
24.432 kip/in A 2(ksi) 


Element 177283, Node 196245 
23.609 kip/in A 2(ksi) 


Units = kip/in A 2(ksi) 
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